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Abstract 
The minerals clinotyrolite and also fuxiaotuite are discredited in terms of the mineral 
tangdanite. The mixed anion mineral tangdanite Ca2Cu9(AsO4)4(SO4)0.5(OH)9∙9H2O has been 
studied using a combination of Raman and infrared spectroscopy.  Characteristic bands 
associated with arsenate, sulphate and hydroxyl units are identified.  Broad bands in the OH 
stretching region are observed and are resolved into component bands.  These bands are 
assigned to water and hydroxyl stretching vibrations.  
Two intense Raman bands at 837 and ~734 cm-1 are assigned to the ν1 (AsO4)3- symmetric 
stretching and ν3 (AsO4)3- antisymmetric stretching modes.  Infrared bands at 1023 cm-1 are 
assigned to the (SO4)2- ν1 symmetric stretching mode and infrared bands at 1052, 1110 and 
1132 cm-1 assigned to (SO4)2- ν3 antisymmetric stretching modes, confirming the presence of 
the sulphate anion in the tangdanite structure.  Raman bands at 593 and 628 cm-1 are 
attributed to the (SO4)2- ν4 bending modes.  Low intensity Raman bands found at 457 and 472 
cm-1 are assigned to the (AsO4)3- ν2 bending modes. A comparison is made with the 
previously obtained spectral data on the discredited mineral clinotyrolite. 
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Introduction 
The mineral tangdanite1 is of formula Ca2Cu9(AsO4)4(SO4)0.5(OH)9∙9H2O and thus, contains 
both sulphate and arsenate units.  The mineral is related to the phase tyrolite2 except that 
tyrolite contains carbonate rather than sulphate as for tangdanite. The unit-cell parameters of 
tangdanite1 are a = 54.490(9), b = 5.5685(9), c = 10.4690(17) Å, β = 96.294(3)°, V = 
3157.4(9) Å3, Z = 4. Its structure was solved and refined in space group C2/c, 
In fact, the space group is identical with tyrolite and the unit-cell parameters are very close to 
those of the 2M-polytype of tyrolite (C2/c; a = 54.520(6), b = 5.5638(6), c = 10.4647(10) Å, 
beta = 96.432(9)°) 2.  The minerals clinotyrolite3 and also fuxiaotuite are discredited in terms 
of the mineral tangdanite. The originally proposed name "fuxiaotuite" was later withdrawn 
and the species was then named after the type locality (IMA No. 2011-096). Although the 
mineral clinotyrolite is now discredited, a vibrational spectroscopic study of this mineral 
species has been undertaken4.    
 
The authors have undertaken studies of mixed anion minerals containing arsenate and 
sulphate4-6. The aim of this paper is to present the Raman and infrared spectra of tangdanite 
and to relate the spectra to the structure of the mineral, the molecular structure.  This research 
reported here, is part of systematic studies on the vibrational spectra of minerals of secondary 
origin in the oxide supergene zone and their synthetic analogs.     
 
Experimental 
Samples description and preparation 
The tangdanite studied in this work was collected from the San Rafael Claim, Villahermosa 
del Rio, Castellon, Valencian Community, Spain. A sample was also obtained from the 
Tangdan Mine, Dongchuan copper ore field, Dongchuan, Kunming Prefecture, Yunnan 
province, China. The sample was incorporated to the collection of the Geology Department 
of the Federal University of Ouro Preto, Minas Gerais, Brazil, with sample code SAD-177. 
The sample was gently crushed and the associated minerals were removed under a 
stereomicroscope Zeiss Stemi DV4 from the Museu de Ciência e Técnica of the Federal 
University of Ouro Preto.  
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Raman microprobe spectroscopy 
Crystals of tangdanite were placed on a polished metal surface on the stage of an Olympus 
BHSM microscope, which is equipped with 10x, 20x, and 50x objectives. The microscope is 
part of a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a CCD detector (1024 pixels). The Raman spectra were excited by a 
Spectra-Physics model 127 He-Ne laser producing highly polarized light at 633 nm and 
collected at a nominal resolution of 2 cm-1 and a precision of ± 1 cm-1 in the range between 
200 and 4000 cm-1. Repeated acquisitions on the crystals using the highest magnification 
(50x) were accumulated to improve the signal to noise ratio of the spectra. Raman Spectra 
were calibrated using the 520.5 cm-1 line of a silicon wafer.  The Raman spectra of at least 10 
crystals were collected to ensure the consistency of the spectra. No Raman spectrum of 
tangdanite was given in the RRUFF data base.  The Raman spectrum of tangdanite suffered 
from very bad fluorescence. 
 
Infrared spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 
endurance single bounce diamond ATR cell. Spectra over the 4000−525 cm-1 range were 
obtained by the co-addition of 128 scans with a resolution of 4 cm-1 and a mirror velocity of 
0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.   
 
Spectral manipulation such as baseline correction/adjustment and smoothing were performed 
using the Spectracalc software package GRAMS (Galactic Industries Corporation, NH, 
USA). Band component analysis was undertaken using the Jandel ‘Peakfit’ software package 
that enabled the type of fitting function to be selected and allows specific parameters to be 
fixed or varied accordingly. Band fitting was done using a Lorentzian-Gaussian cross-product 
function with the minimum number of component bands used for the fitting process. The 
Lorentzian-Gaussian ratio was maintained at values greater than 0.7 and fitting was 
undertaken until reproducible results were obtained with squared correlations of R2 greater 
than 0.995. 
 
Results and discussion 
 
Vibrational Spectroscopy 
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Arsenate vibrations 
 According to Myneni et al.  7, 8 and Nakamoto 9, (AsO4)3- is a tetrahedral unit, which 
exhibits four fundamental vibrations: the Raman active ν1 symmetric stretching vibration (A1) 
818 cm-1; the Raman active doubly degenerate ν2 symmetric bending vibration (E) 350 cm-1, 
the infrared and Raman active triply degenerate ν3 antisymmetric stretching vibration (F2) 
786 cm-1, and the infrared and Raman active triply degenerate ν4 bending vibration (F2) 405 
cm-1. Protonation, metal complexation, and/or adsorption on a mineral surface will cause the 
change in (AsO4)3- symmetry from Td to lower symmetries, such as C3v, C2v or even C1. This 
loss of degeneracy causes splitting of degenerate vibrations of (AsO4)3- and the shifting of the 
As-OH stretching vibrations to different wavenumbers. Sulphates as with other oxyanions 
lend themselves to analysis by Raman spectroscopy 10.  In aqueous systems, the sulphate 
anion is of Td symmetry and is characterised by Raman bands at 981 cm-1 (ν1), 451 cm-1(ν2), 
1104 cm-1 (ν3) and 613 cm-1 (ν4).  Reduction in symmetry in the crystal structure of sulphates 
such as in a number of minerals will cause the splitting of these vibrational modes. 
 
Such chemical interactions reduce (AsO4)3- tetrahedral symmetry, as mentioned 
above, to either C3v/C3 (corner-sharing), C2v/C2 (edge-sharing, bidentate binuclear), or C1/Cs 
(corner-sharing, edge-sharing, bidentate binuclear, multidentate) 7, 8.  In association with 
(AsO4)3- symmetry and coordination changes, the A1 band may shift to different 
wavenumbers and the doubly degenerate E and triply degenerate F modes may give rise to 
several new A1, B1, and/or E vibrations 7, 8. In the absence of symmetry deviations, 
(AsO3OH)2- in C3v symmetry exhibit the νs As-OH and νas and νs (AsO3OH)2- vibrations 
together with corresponding the δ As-OH in-plane bending vibration, δ As-OH out-of-plane 
bending vibration, νs (AsO3OH)2- stretching vibration and δas (AsO3OH)2- bending vibration  
11-13.  Keller 11 assigned the following infrared bands in Na2(AsO3OH)·7H2O 450 and 360 cm-
1 to the δas (ν4) (AsO3OH)2- bend (E), 580 cm-1 to δ As-OH out-of-plane bend, 715 cm-1 to the 
ν As-OH stretch (A1), 830 cm-1 to the νas (AsO3OH)2- stretch (E), and 1165 cm-1 to the δ As-
OH in plane bend. In the Raman spectrum of Na2(AsO3OH)·7H2O, Vansant et al.  12 
attributed Raman bands to the following vibrations 55, 94, 116 and 155 cm-1 to lattice modes, 
210 cm-1 to ν (OH…O) stretch, 315 cm-1 to (AsO3OH)2- rocking, 338 cm-1 to the δs (AsO3)2- 
bend, 381 cm-1 to the δas (AsO3OH)2- bend, 737 cm-1 to the νs As-OH stretch (A1), 866 cm-1 
to the νas (AsO3OH)2- stretch (E). 
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Vibrational spectroscopy of tangdanite 
 
The Raman spectrum of tangdanite over the 100 to 1500 cm-1 spectral range is reported in 
Figure 1a. This Raman spectrum shows the position and relative intensities of the bands. It is 
noted that there are large parts of the spectrum where no intensity is observed and therefore, 
the spectrum is subdivided into sections based upon then type of vibration being analysed. It 
is noted that the intensity in the hydroxyl stretching region is very weak. The infrared 
spectrum of tangdanite over the 500 to 4000 cm-1 spectral range is illustrated in Figure 1b. 
This spectrum shows the position and relative intensities of the infrared bands. It is observed 
that there are large parts of the spectrum where no intensity is observed and thus, the 
spectrum is divided into sections based upon the type of vibration being examined. Table 1 
details the results of the Raman and infrared spectroscopy of tangdanite with a comparison 
with clinotyrolite.  
 
The Raman spectrum of tangdanite over the 400 to 950 cm-1 spectral range is shown in Figure 
2a.  The spectrum is dominated by a strong sharp band at 837 cm-1.  This band is assigned to 
the (AsO4)3- ν1 symmetric stretching mode. A shoulder band is also observed at 809 cm-1 and 
is also assigned to this vibrational mode. The band at 734 cm-1 attributed to the (AsO4)3- ν3 
antisymmetric stretching mode. Raman bands were found for tangdanite at 865 cm-1 and were 
assigned to the (AsO3OH)2- ν1 symmetric stretching mode.  Both sets of spectra show 
additional bands at around 900 and 920 cm-1. The latter band may be associated with the 
(SO4)2- ν1 symmetric stretching mode. However, a band at this position seems too low. One 
possibility is that these bands are attributable to the acid arsenate unit (HOAsO3)2- ν3 
antisymmetric stretching mode and the ν1 symmetric stretching mode14, 15.  Two intense 
Raman bands are found at 593 and 628 cm-1.  These bands are attributed to the (SO4)2- ν4 
bending modes.  Two low intensity Raman bands are found at 457 and 472 cm-1 and are 
assigned to the (AsO4)3- ν2 bending modes.   It is interesting to compare with the published 
data on clinotyrolite. The Raman spectrum of clinotyrolite shows a  sharp intense bands at 
840 cm-1 and is assigned to the (AsO4)3- ν1 symmetric stretching mode.  The second band at 
796 cm-1 is attributed to the (AsO4)3- ν3 antisymmetric stretching mode.  Raman band was 
found for clinotyrolite at 869 cm-1 and assigned to the (AsO3OH)2- ν1 symmetric stretching 
mode.   
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The infrared spectrum of tangdanite over the 650 to 1200 cm-1 spectral range is reported in 
Figure 2b. The infrared spectra are dominated by a series of strong bands at 1023 cm-1 
attributed to the (SO4)2- ν1 symmetric stretching mode and the band at 1079 cm-1 with 
additional resolved bands at 1052, 1110 and 1132 cm-1 to (SO4)2- ; these bands are assigned 
to the ν3 antisymmetric stretching modes.  It is noted that whereas the intensity of the sulphate 
bands in the Raman spectra were of low intensity, the infrared bands are quite intense in the 
infrared spectrum. Infrared bands at 706, 739 and 792 cm-1 are assigned to (AsO4)3- 
antisymmetric stretching modes.  The infrared bands at 848 and 872 cm-1 are assigned to 
(AsO4)3- symmetric stretching modes. 
 
The Raman spectrum of tangdanite over the 200 to 400 cm-1 spectral range is illustrated in 
Figure 3a.  Two intense bands are found at 294 and 343 cm-1 with lower intensity component 
bands at 263, 283 and 303 cm-1.  These Raman bands may be attributed to the (AsO4)3- ν4 
bending modes. The Raman spectrum of tangdanite over the 100 to 200 cm-1 spectral range is 
shown in Figure 3b.  The spectral profile is broad and component bands may be resolved at 
108, 116, 133, 149 and 173 cm-1. These bands are simply described as lattice vibrations.  
 
The infrared spectrum of tangdanite over the 2400 to 3800 cm-1 spectral range is given in 
Figure 4a. The spectral profile is broad and bands may be resolved. Raman bands at 2877, 
3047, 3182, 3326 cm-1 are assigned to water stretching vibrations. A less broad band is 
observed at 3481 cm-1 with a shoulder at 3594 cm-1. One possible assignment is that these 
bands are due to the stretching vibrations of the OH units. Intense infrared bands for 
clinotyrolite4 observed at 3083, 3280, 3403, 3501 cm-1 were assigned to water stretching 
vibrations.  It should be noted that the Raman spectrum of tangdanite could not be obtained. 
The sample fluoresced very badly and it simply was not possible to obtain the spectral data in 
the OH stretching region in the Raman spectrum.  The Raman spectra in the OH stretching 
region of clinotyrolite 4 showed bands at 3369 and 3476 cm-1 with lower intensity bands at 
3043 and 3132 cm-1. The authors postulated that all bands in the Raman spectra of 
clinotyrolite are associated with water stretching vibrations.   
 
The infrared spectrum of tangdanite over the 1300 to 1800 cm-1 spectral range is shown in 
Figure 4b.  The infrared spectrum is broad with band components resolved at 1571, 1611 and 
1659 cm-1. The latter two bands are assigned to water bending modes.  The number of water 
bending modes is in harmony with the number of water stretching modes. 
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Conclusions 
Vibrational spectroscopy has been used to characterise the molecular structure of the mineral 
tangdanite Ca2Cu9(AsO4)4(SO4)0.5(OH)9∙9H2O.   Characteristic Raman and infrared bands of 
the (AsO4)3- stretching and bending vibrations were identified and described as well as some 
characteristic infrared bands of the (SO4)2- stretching and bending vibrations. The ratio of 
AsO4/SO4 is not known.  If the AsO4 is dominant then the bands attributable to the SO4 will 
not be observed.  Raman bands attributable to the OH stretching vibrations of water and 
hydroxyl units were analysed.   
 
It is concluded that the mineral tangdanite shows spectra which are characteristic of arsenate 
and sulphate units. Some evidence for the existence of arsenite units is found. Both hydroxyl 
and water bands are noted, fitting in well with the formula of the mineral.  
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Figure 1a Raman spectrum of tangdanite (upper 
spectrum) over the 100 to 1500 cm-1 spectral region 
and Figure 1b infrared spectrum of tangdanite 
(lower spectrum) over the 500 to 4000 cm-1 spectral 
region 
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Figure 2a Raman spectrum of tangdanite 
(upper spectrum) in the 400 to 950  cm-1 
spectral range and Figure 2b infrared 
spectrum of tangdanite (lower spectrum) in the 
650 to 1200  cm-1 spectral range 
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Figure 3a Raman spectrum of tangdanite (upper 
spectrum) in the 200 to 400  cm-1 spectral range 
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range 
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range 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15 
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Table 1 Results of the band component analyses of the Raman and infrared spectra of 
the tangdanite and clinotyrolite. 
 
Raman   IR    
Tangdanite Clinotyrolite  Tangdanite Clinotyrolite 
                  Wavenumber 
 
                  
OH stretching 
vibrations 3594 3549 
 3487 
OH stretching 
vibrations 3481 3502 
 3368 water stretching 3326 3490 
  water stretching 3182 3360 
 3040 water stretching 3047 3145 
  water stretching 2877 3003 
   2599  
  water bending 1659 1679 
  water bending 1611 1654 
   1571 1455 
   1470 1404 
  
(SO4)2- ν3 
antisymmetric 
stretching 1132 1118 
  
(SO4)2- ν3 
antisymmetric 
stretching 1110 1086 
  
(SO4)2- ν3 
antisymmetric 
stretching 1079 1047 
  
(SO4)2- ν3 
antisymmetric 
stretching 1052 1032 
  
(SO4)2- ν1 symmetric 
stretching 1023  
920 1098 
(SO4)2- ν1 symmetric 
stretching 988 1007 
900 909 
(AsO3OH)2- ν1 
symmetric stretching 952  
865 869 
(AsO3OH)2- ν1 
symmetric stretching 931 935 
837 840 
(AsO4)3- ν1 symmetric 
stretching 872 881 
809 796 
(AsO4)3- ν1 symmetric 
stretching 848 872 
734  
(AsO4)3- ν3 
antisymmetric 
stretching 792 798 
  
(AsO4)3- 
antisymmetric 
stretching 739  
  
(AsO4)3- 
antisymmetric 
stretching 706 695 
   668  
628 608 (SO4)2- ν4 bending  695 
593 578 (SO4)2- ν4 bending  678 
472 506 (AsO4)3- ν2 bending  603 
16 
 
457 479 (AsO4)3- ν2 bending   
343 359 (AsO4)3- ν4 bending   
303 332 (AsO4)3- ν4 bending   
294  (AsO4)3- ν4 bending   
283 278 (AsO4)3- ν4 bending   
263 255 (AsO4)3- ν4 bending   
173 167 lattice vibrations   
149 148 lattice vibrations   
133 139 lattice vibrations   
116 118 lattice vibrations   
108  lattice vibrations   
 
 
 
